A possible mechanism for lincomycin induction of secondary metabolism in Streptomyces coelicolor A3(2).
Lincomycin forms cross-links within the peptidyl transferase loop region of the 23S ribosomal RNA (rRNA) of the 50S subunit of the bacterial ribosome, which is the site of peptide bond formation, thereby inhibiting protein synthesis. We have previously reported that lincomycin at concentrations below the minimum inhibitory concentration potentiates the production of secondary metabolites in actinomycete strains, suggesting that activation of these strains by utilizing the dose-dependent response of lincomycin could be used to effectively induce the production of cryptic secondary metabolites. Here, we aimed to elucidate the fundamental mechanisms underlying lincomycin induction of secondary metabolism in actinomycetes. In the present study, the dose-dependent response of lincomycin on gene expression of the model actinomycete Streptomyces coelicolor A3(2) and possible relationships to secondary metabolism were investigated. RNA sequencing analysis indicated that lincomycin produced enormous changes in gene expression profiles. Moreover, reverse transcription PCR and/or comparative proteome analysis revealed that in S. coelicolor A3(2), lincomycin, which was used at concentrations for markedly increased blue-pigmented antibiotic actinorhodin production, rapidly enhanced expression of the gene encoding the lincomycin-efflux ABC transporter, the 23S rRNA methyltransferase, and the ribosome-splitting factor to boost the intrinsic lincomycin resistance mechanisms and to reconstruct the probably stalled 70S ribosomes with lincomycin; and in contrast temporarily but dramatically reduced mRNA levels of housekeeping genes, such as those encoding FoF1 ATP synthase, RNA polymerase, ribosomal proteins, and transcription and translation factors, with an increase in intracellular NTPs. A possible mechanism for lincomycin induction of secondary metabolism in S. coelicolor A3(2) is discussed on the basis of these results.